Abstract Bamboo shoot forms a traditional delicacy in many countries. Being low in fat content and high in potassium, carbohydrate, dietary fibres, Vitamins and active materials, bamboo shoots are consumed in raw, canned, boiled, marinated, fermented, frozen, liquid and medicinal forms. Although the fresh bamboo shoots of species like Dendraocalamus giganteus are healthier and nutritionally rich, the young shoots, after fortification, can be consumed by processing into a wide range of food products with longer shelf-life and better organoleptic qualities. However, the consumption pattern of bamboo shoots in most of the countries is traditional, non-standardized, seasonal and region-specific with little value addition. Therefore, there exists a great opportunity, especially for the organized food processing sectors to take up the processing of bamboo shoot-based food products in an organized manner. The present article gives an insight into the global scenario of bamboo shoot-based food products and their consumption pattern, the quality attributes, and the opportunities for value addition along with future prospects in view of international food safety, security and nutrition.
Introduction
Basically a grass, belonging to family Poaceae, bamboo is spread over 1,250 species under 75 genera in the world (Upreti and Sundriyal 2001) . Out of these, about 136 species under 23 genera are available only in India (Sharma 1980) . The versatile and evergreen plant is found almost everywhere in the world, but the frozen poles.
Bamboo shoots are the new culms that just emerge from the ground and constitute a range of traditional delicacies. The freshly harvested bamboo shoot is cream yellow in color. When a newly harvested bamboo shoot is peeled, it gives a strong smell and bitter taste (Sharma 1987) . The bitter taste in bamboo shoots is due to the presence of cyanogenic glycoside taxiphyllin, which is toxic in nature. All species of bamboo shoots available in the world are not edible. Out of 136 species available in India, the most commonly edible bamboo species are Bambus pallida, Bambusa tulda, Bambusa polymorpha, Bambusa balcooa, Dendrocalamus hamiltonii, Dendrocalamus giganteus and Melocanna bambusoides (Sharma 1980) . The edible genera of bamboo shoots available in USA are Phyllostachys, the important being Phyllostachys dulcis, Phyllostachys edulis, Phyllostachys bambusoides, Phyllostachys pubescens, Phyllostachys nuda and Phyllostachys viridis (Rubatzky and Yamaguchi 1997) .
Global scenario of bamboo shoots
The edible bamboo shoots have a matchless taste and flavor. In many parts of the world, bamboo shoots form a part of the conventional cuisine and are consumed in various forms (Daphne 1996; Tamang et al. 1988; Caitlin and Miles 2000; Tamang 2005; Bal et al. 2008; Pande and Pandey 2008) .
However, bamboo grows naturally or is cultivated in homesteads and farms, and is one of the underestimated natural resources in the international scenario.
In international markets, China earns 6,500 million Indian rupees every year from export of edible bamboo shoots, with import of USA at around 44,000 tonnes accounting for 14.5% of the total world import (Lobovikov 2003) . Every year USA imports 30,000 tonnes of canned bamboo shoots from Taiwan, Thailand, India and China for domestic consumption as food items (Daphne 1996) . Dendrocalamus asper, and Dendrocalamus lactiferous and Bambusa oldhami are the most important edible species in Thailand (Fu et al. 1798) and Taiwan (Tai 1985) , respectively. The import of Australia is estimated about 8,000 tonnes per annum (Cahill 1999) . Taiwan consumes about 80,000 tonnes of bamboo shoots annually constituting a value of 2,500 million Indian rupees, covering 30,000 ha of land of bamboo shoots under cultivation, producing total 380,000 tonnes of bamboo shoots per year (Tai 1985) . In Japan, the present annual consumption of bamboo shoots is 3 kg per person, compared to 1.2 kg per person in 1950s (Yang et al. 2008 ). At present, over two million tonnes of edible bamboo shoots are consumed in the world in each year (Yang et al. 2008; Vaiphei 2005) . Statistic shows that about 26.2, 435 and 426.8 tonnes of bamboo shoots are harvested annually in the north eastern states of India like Sikkim, Meghalaya and Mizoram, respectively, where about 20-30 million tonnes of bamboo shoots are utilized for production of canned bamboo shoots annually (Bhatt et al. 2003; 2005a; b) .
India's size of domestic bamboo economy currently is estimated at 2,000 million Indian rupees. The market potential of bamboo in India is estimated at present at 450 million Indian rupees, which will increase to 26,000 million Indian rupees by 2015, thus enabling five million families of artisans and farmers, crossing the poverty line (Farooquee et al. 2007 ).
Bamboo shoots
Depending upon species, bamboo shoots are usually 20-30 cm long and taper to a point. A bamboo shoot at the time of harvest normally weighs more than 1 kg. However, their size and weight depend considerably upon the location, depth, pH and nutrition of the soil, irrigation and drainage conditions, climate, rainfall, temperature and soil type and fertility. Cold tolerance is a limiting factor in the growth of certain bamboo species (Dollo et al. 2009; Gangwar and Ramakrishnan 1987; Maikhuri 1996; Anderson and Ingram 1993; Kigomo 2007) .
Various constituents like acids, proteins, carbohydrates, starch, fat, dietary fibre, vitamins and minerals have been systematically analyzed and reported by various authors (Lee and Takahashi 1966; Bradford 1976; Mecreddy et al. 1958; Goering and Van Soest 1970; Baker et al. 1980; Nirmala et al. 2008; Reiss 1993) . Although bamboo shoots are found during the monsoons, there are normally two types of bamboo shoots available in a year; winter shoots and spring shoots depending on the seasons of a year. The spring shoots are normally larger, tougher and more superior compared to the winter shoots.
Quality attributes of bamboo shoots
Bamboo shoots are becoming one of the preferred food products in the world, but there is hardly any organized bamboo shoot processing and marketing industry to serve this exceeding need of the caterers and restaurants in considerable quantities. In the following sub-sections, an attempt has been made to compile the physical, chemical, nutritional, sensory, and anti-microbial qualities of bamboo shoots in order to understand the qualities of the products derived and/or to be derived from them.
Physical quality
The shooting period of a bamboo varies from species to species. In general, the temperate-climate-bamboos are runners, which shoot in the spring, while the tropical and sub-tropical species are clumpers, which shoot in the late summer and fall.
Bamboo shoots are tender, soft, crispy, generally ivory yellow in color. The sheaths covering the shoots are black, brown, yellow or purple. The white meat that is revealed, once the culm sheath is peeled off, turns yellowish when it is cooked. The edible tender shoots look like coiled springs and have an astringent flavor. The shoots of some species are known to contain cyanogenic glycosides, called taxiphyllin, [2-(b-D-glucopyranosyloxy)-2-(4-hydroxyphenyl) acetonitrile] which, therefore, develops acrid taste in bamboo shoot (Fu et al. 2002; Sarangthem and Singh 2003; Anonnymous 2004 ).
Chemical quality
Bamboo shoots are low in fat content, but contain considerable amount of carbohydrate, potassium and dietary fibres. Many nutritious and active materials such as Vitamins, amino acids and anti-oxidants such as flavones, phenols and steroids can be extracted from the bamboo shoots (Shimada 1972; Sarangthem and Singh 2003) . Bamboo shoots can be processed into a wide variety of beverages, medicines, additives and health foods (Lobovikov 2003; Majumdar 2006) . However, there is hardly any product that has created its way into the market. A shoot contains about 90% of water at the time of harvest. However, carbohydrate, fat and protein content were observed to decrease after canning and fermentation (Kumbhare and Bhargava 2007; Nirmala et al. 2008) . Table 1 shows the chemical analysis of commonly edible raw bamboo shoots.
Nutritional quality
Bamboo shoot is a good source of potassium, Vitamin E (α-Tocopherol), Vitamin C, Vitamin B6, thiamin riboflavin, niacin, iron, phosphorus and dietary fibers like hemicelluloses, cellulose, pectin, lignin (Tripathi 1998; Park and John 2009) . With 17 different types of amino acids, bamboo shoots contain about ten types of minerals like Cr, Zn, Mn, Mg, Ni, Co, Cu, etc. and lysine, one of the limited amino acids, which is helpful for growth and development of children is found in bamboo shoots (Shimada 1972; Reiss 1993; Fu et al. 2002; Bhatt et al. 2005a, b; Nirmala et al. 2007 ). Germaclinium in shoots has been reported to carry anti-aging properties (Sarangthem and Singh 2003) . Ash of bamboo shoots has been reported in use in Ayurveda medicines in India (Puri 2003) . Table 2 shows the detailed nutritive values of processed bamboo shoots.
Sensory quality
The bamboo shoots of some species, owing to the presence of cyanides, develop an acrid flavor (Midmore 1998; Sue 1995) . The new shoots are free from acrid taste and are brilliant for human consumption. HCN is a crash product of cyanogenic glycosides which breakdown upon disruption of the plant cell. The quantity of cyanides in bamboo shoots, however, varies depending upon the species, for instance, the amount of cyanides is 894 mg/kg in Dendrocalamus giganteus (Ferreira et al. 1995) . It has been reported that up to 0.16% of total cyanide is contained in the tip of the shoot, reducing to 0.01% in the base (Haque and Bradbury 2002) . Table 3 shows the hydrogen cyanide (HCN) content (mg/g of bamboo shoot) of some of the commonly edible bamboo shoot species. Cyanogenic glycosides can produce both acute and chronic toxicity, but degrades readily by boiling in water. Nearly 70% of HCN is removed by boiling bamboo shoots for 20 min at 98°C and about 96% is removed by boiling at this temperature for longer interval (Ferreira et al. 1995) .
Bamboo shoot and value addition
There is a growing demand for processed and packaged bamboo shoots in the national and international markets. Shelf life of freshly harvested bamboo shoots is 9 and 23 days in water and brine, respectively (National Mission for Bamboo Applications, India 2009). During storage, a bitter taste develops in the bamboo shoots, if stored for a longer period of time, or exposed to sunlight. It has been reported that bamboo shoots, preserved in plastic bags have a risk of contamination by the materials present in the plastic bags (Chiangthong and Chayawat 2009) .
Bamboo shoots containing carbohydrates, proteins and minerals can be expected as part of a healthy diet in fresh, canned and fermented forms. Whether as an accompanying vegetable or as main ingredient, bamboo shoots make a brilliant totaling to many pickled condiments, stir fries, soups and beverages. Bamboo shoots can be dried, marinated and sauteed, can be formed powders, nuggets and can be used as medicines. Moreover, production of bamboo being seasonal with high demand throughout the year, especially in China, Japan, USA, Canada, Thailand, Nepal, Bhutan, Australia and India, there is a need to develop process technologies to preserve the bamboo shoots in consistent and imperishable forms to be used during the off-seasons. Fresh bamboo shoots as foods
People consume fresh bamboo shoots in various forms. Bamboo shoot can be eaten fresh after boiling. In Indonesia, bamboo shoots are eaten with thick coconut milk and spices, which are called gulei rebung; sometimes also mixed with other vegetables, called sayur lade (Bhatt et al. 2003) . Sweet pickles, chutney and candies are prepared from the pith of the bamboo shoots in the region. The sap of young stalks tapped during the rainy season is simply made into a soft drink in China (Yang et al. 2008) . In Manipur, the fresh bamboo shoots are taken with dry fish ). The edible bamboo species in Western Ghats of India are extensively used as snacks, fried food stuffs, and curries (Bhatt et al. 2003) . Tama, a non-fermentated bamboo shoot curry is very familiar among the people of Sikkim ). In Singapore, people consume bamboo shoots in form of canned or frozen (Pan 1995) .
Dried bamboo shoots
Drying is the oldest and simplest food processing technology in the food industry. Extensive research work has been carried out on drying technology. However, very little work is reported on drying of bamboo shoots. Nevertheless, it has been reported that there is a 95.1% decrease in the moisture content of dried bamboo shoots . Water content of fresh bamboo shoots is 92.6/100 g of fresh weight compared to 4.6/100 g in dried bamboo shoots (Muchtadi and Adawiyah 1996 It may be noted that in selecting or designing an appropriate drying technology, it is important to explore energy, environmental and cost issues. Different technologies may be appropriate at different geographical locations depending on local socio-cultural conditions. Quality attributes of end product using multi-stage drying technologies, such as solar-assisted heat pump drying, solar drying with thermal energy storage, microwave assisted vacuum drying, refractive drying and supper heated steam drying may be explored for drying bamboo shoots.
Canned bamboo shoots
High moisture content of bamboo shoots make them easily perishable giving space for the growth of undesirable micro-organisms like bacteria, molds and yeasts. Canning has been observed to be effective in abating rancidity and preventing the growth of micro-organisms in bamboo shoots (Fu et al. 2002) . Canned bamboo shoots can be satisfactorily preserved and can be used frequently in various food items such as vegetables or pickle condiments.
Fermented food items
Traditionally, various fermented bamboo shoot products are consumed in the world. Ethnic people living in sub Himalayan regions, Nepal and Bhutan prepare and consume a variety of domesticated and wild bamboo shoots and their fermented products (Sharma 1989; Tamang et al. 1988; Tamang 2000; Vaiphei 2005) . A traditional fermented bamboo shoot product of the eastern hills of Nepal and Bhutan is mesu (Tamang and Sarkar 1996) . Use of mesu as a pickle and as a base in curries is a conventional dish among the Nepalis, Bhutias and the Lepchas of the Darjeeling hills and Sikkim (Tamang 2005) . Delicacies in Indian cuisines include ushoi, soidon, soibum, soijim, iromba, ekung, eup, hiring lung-siej and syrwa (Giri and Janmejay 1987; Tamang 2000 Mao and Odyuo 2007; Agrahar-Murungkar and Subbulaskhmi 2006; Jeyaram et al. 2009 ). Ushoi, a fresh bamboo shoot, is one of the popular food products among the Manipuris and Apa Tanis of Arunachal Pradesh. Soibum, a fermented bamboo shoot, is an exceptional delicacy of the Meities of Manipur, eaten as pickle and curry mixed with fermented fish. Similar fermented bamboo shoot product called naw-mai-dong or nor-maidorng is consumed in Thailand (Phithakpol et al. 1995) . Soidon is another fermented bamboo shoot product in Manipur, prepared from the tip of matured bamboo shoots and consumed both as a curry and pickle. Soijim is another type of fermented bamboo shoot product developed by submerged fermentation in Manipur. Iromba is a fermented or boiled bamboo shoot taken with fish and other vegetables by Khasi tribes in Meghalaya (Agrahar-Murungkar and Subbulaskhmi 2006). The sap of young stalks tapped during the rainy season is fermented to prepare ulanzi (a sweet wine), which is used by Chinese as a delicious liquor (Qing et al. 2008) . In central India, the young shoots are grated and fermented to prepare kardi or amil, a sour vegetable soup. In the region, the bamboo shoots are fermented, dried, ground into powder and used as a garnish called hendua, which is commonly preferred liquor among the tribal people (Panda and Padhy 2007; Bal et al. 2009 ). In Nepal, bamboo shoots are fermented with turmeric and oil, and cooked with potatoes to prepare an item called alu tama ).
Bamboo shoot based powder Bamboo shoot, from its constituents, indicates that it contains considerable amount of carbohydrate and dietary fibers. During boiling, the polysaccharides get hydrolyzed into simple sugars and gives sweet taste to the shoots (Kumbhare and Bhargava 2007) . The key advantages of using dried bamboo shoot powder is its low moisture content which may allow its direct use into various dry food items, and preparing chutney and beverages. Other advantages of using dried bamboo shoot based powder may include free-flowing, ease of handling and weighing, reduced storage space, ease of cleaning and sanitary aspects. In Japan, bamboo shoot-based powder is used as an essence in cookies and various other food items. Japanese use bamboo powder in standard bread flour and also recommends a 3-8% addition of the powder to any food products (Hua 1987) . In China, bamboo juice produced by pressure-cooking, is used to make beverages and specific liquors, apart from medicines (Qing et al. 2008) . With a characteristic bamboo aroma and beer flavor, bamboo juice beers show a good number of health benefits by lowering blood lipids and fighting heart ailments (Shi and Yang 1992; Satya et al. 2009b ).
Medicines
Bamboo shoot has been in use in medicine, since time immemorial by the tribal people in various regions. With different flavones, glycosides, bamboo shoots have good anti-oxidant, anti-free-radical and anti-aging agents, and can be extracted to make capsules and tablets (Shi and Yang 1992; RFRI 2008) . In the traditional system of Ayurveda, the silicious concretions found in the bamboo shoots is called banslochan and in the Indo-Persian and Tibettan system of medicine, it is called as bamboo manna and is known to be a good tonic for respiratory disorders. Bambusa arundinacea species is considered as the excellent source of bamboo manna (Puri 2003) .
In China, bamboo shoots are used for treating infections. The juice of pressed bamboo shoots possesses protease activity that helps in digestion of protein. The boiled bamboo shoots are used as appetizers. Decoction of the shoots are used for cleaning wounds and maggot infected sores, ulcers etc. Bamboo shoots, mixed with palm-jaggery, are known to induce parturition or abortion (Shi and Yang 1992; Puri 2003) . In Java, sap from inside the shoots of Bambusa vulgaris is used for curing jaundice (Burkill 1935) .
Bamboo salt tablets used in Korea are known to help treat certain internal maladies. These are prepared by sealing salt in bamboo shoots using uncontaminated yellow clay and then baking them eight times in a specially designed furnace. This allows the salt to absorb highly therapeutic trace elements including Cu, Zn and Fe and also eliminates any impurities and heavy metals from the salt that can cause any damage to the body. It serves as a natural detoxifying agent with a strong anti-microbial property and also provides energy and nutrients to the body (Liu 1992) . Korea markets a delicious bamboo sea salt, which is used as an alternative to table salt in cooking (Cost 1988) . Korea is even reported of marketing bamboo shoot-based cosmetics such as cleansing agent called bamboo bath salts (Cost 1988) .
Future prospects
A thriving economy revolves around bamboo resource. Bamboo is well placed to address the food security through bamboo-based agro-forestry systems by maintaining the fertility of adjoining agricultural lands, and as a direct food source like edible bamboo shoots. Bamboo shoots hold the prospect of value added economic activities at industrial and society levels through cultivation, processing, packaging and commercialization. However, the preparation of various bamboo shoot-based food products is traditional, local, unorganized and based on the taste of the local people. There is no standardized process technology for preservation of the raw bamboo shoots into various food items in an organized manner. This calls for the development of appropriate technologies for preservation of bamboo shoots in various forms. In India, there is yet neither major approach for promotion of shoots nor is there well thought-out market or supply chain for the raw or processed bamboo shoots. Focus should be directed for following aspects for sustainable development of a bamboo shoot-based food industry. 
Conclusion
Bamboo is a plant species that incorporates several economic, ecological and social benefits in the day to day life of human beings. Therefore, organized cultivation for bamboo shoot may be encouraged. This requires the use of a different package of practice which normally holds better soil, water and light conditions, and more intensive management. Plantation of the most edible and adventurous species, preferably Dendraocalamus giganteus, Dendrocalamus asper, Bambusa balcooa and Dendrocalamus hamiltonii may be adopted. Standardized cultivation practices at various locations may be encouraged by government and non-government organizations, especially in tribal areas in order to harmonize the international food safety, security and nutrition.
